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Abstract
We show that a consistent set of short-distance conditions on the odd-intrinsic parity resonance chiral Lagrangian
couplings can be derived in the large-NC limit and the single resonance approximation. These constraints are satisfied
both by the VVP Green function and all its associated form-factors. Moreover, they are in agreement with earlier
results found in the normal parity sector, which further supports the overall consistency of the approach. Here we
take a new perspective and examine the consequences of these high-energy relations on the precise coefficient of the
1/Q2-term of meson form-factors, which rules their asymptotic behavior. In particular, we show that the coefficient
derived using our consistent set of short-distance constraints is in remarkable accordance with the Brodsky-Lepage
prediction, being alternative results for these coefficients disfavored.
Keywords:
Meson form-factors, QCD, Resonance Chiral Lagrangians, Operator Product Expansion
1. Introduction: short-distance QCD constraints
and their role in the resonance region
Non-perturbative QCD is a rather complicated subject,
whose solution remains elusive. In particular, analytic
approaches to the dynamics of the lowest-lying light-
flavored resonances have proved to be way more diffi-
cult than to the lightest pseudoscalar mesons, for which
an effective field theory dual to QCD at low energies
(Chiral Perturbation Theory, χPT ) exists [1]. The main
reason behind is the difficulty to find a suitable expan-
sion parameter in the resonance region, where the χPT
one, in powers of momenta and light meson masses over
the chiral symmetry breaking scale, is no longer small
and thus non-applicable.
A formal expansion for a large number of colours [2] in
powers of 1/NC succeeds to explain the most salient fea-
tures of meson phenomenology, both at the fundamental
and at the effective field theory levels [3] with a typical
accuracy that turns out to be much better than the naive
1/3 estimate.
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A concrete realization of these ideas are resonance chi-
ral Lagrangians (RχL) [4], which are built adding to
the lowest order χPT Lagrangian (which corresponds to
the realization of the chiral anomaly in χPT [5] in the
odd-intrinsic parity sector) operators with an increasing
number of resonance fields and chiral operators appear-
ing already in the χPT framework. Chiral symmetry for
the latter and S U(3) symmetry for the former determine
the allowed operators, leaving however their couplings
unrestricted.
It is useful to recall at this point that not only the low-
energy limit of meson dynamics is known. On the
other end, the Operator Product Expansion (OPE) of
QCD [6] allows to derive its short-distance behavior
as well. RχL are thus thought to provide a bridge be-
tween these two known regimes. This interpolation is
more reliable for the so-called order parameters of chi-
ral symmetry breaking (the perturbative contribution to
them vanishes to all orders), where more precisely we
will be considering Green functions and related form-
factors. In some sense, this procedure implements at
the Lagrangian level Pade´ and related rational approxi-
mants studied in previous works [7]. Thus, one should
be aware of the uncertainties and caveats raised therein
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when the infinite large-NC spectrum is truncated and
one just keeps the lightest resonances.
A well-known example that illustrates all the above eas-
ily comes from the Weinberg sum rules [8]. According
to them, QCD predicts that the two-point vector correla-
tor between left- and right-handed quark fields vanishes
at least as fast as 1/Q4 when the squared Euclidean mo-
mentum, Q2, goes to infinity. The corresponding eval-
uation within RχL [4] restricted to the lightest meson
multiplets (single resonance approximation 1) yields, in
the chiral limit,
ΠLR(Q2) = F
2
Q2 +
F2V
M2V − Q2
− F
2
A
M2A − Q2
, (1)
and the high-energy limit mentioned above imposes
F2V − F2A = F2 , M2V F2V − M2A F2A = 0 , (2)
giving the a priori free coupling of the (axial-)vector
resonance to the (axial-)vector current, (FA) FV in terms
of the corresponding masses and the pion decay con-
stant, F.
We will finish this introduction by recalling that there
are two ways of approaching the asymptotic behavior
of QCD in order to demand the correct short-distance
limit:
• The high-energy QCD limit of a given Green func-
tion (VVP in what follows) is computed using the
OPE and this behavior is required for the corre-
sponding computation using a RχL.
• The QCD one-loop result for the imaginary part of
the (axial-)vector–(axial-)vector correlator [9] pre-
dicts that, at high energies, it must go to a definite
constant value. By the optical theorem, this ab-
sorptive contribution can be equivalently obtained
through a sum over the infinite number of possi-
ble intermediate on-shell cuts, given by the cor-
responding form-factors. A plausible assumption
for recovering a constant through the infinite sum
is that the contribution from each channel vanishes
as 1/Q2 asymptotically, reproducing the celebrated
Brodsky-Lepage prediction [10]. It must be noted
that the latter also fixes the corresponding coeffi-
cient of the 1/Q2 term.
A seeming discrepancy between some of the constraints
in the anomaly sector was found depending on whether
1This single resonance approximation will be considered unless
otherwise specified and subleading 1/NC corrections will be ne-
glected.
one used one or the other procedure sketched above [15,
16]. This situation led us to a reanalysis of the com-
patibility of both approaches: our results [11] showed
that they were indeed equivalent, as it was also shown
in the normal parity case [12]. Specifically, we show
the existence of a consistent set of short-distance con-
straints on the anomalous resonance couplings within
the single resonance approximation and in the NC → ∞
limit 2. Representing the spin-one fields with antisym-
metric tensors turns out to be crucial for this result.
New results appear in Sec. 2.1, where we use ultraviolet
constraints to test the precise coefficient of the leading
1/Q2 term in the high-energy expansion of the neutral
and charged one-pion vector form-factors, related to the
π0 → γγ∗ and τ− → ντπ−γ decays, respectively. Our
results are in much better agreement with the Brodsky-
Lepage coefficient than with other predictions.
2. The case of the anomalous sector of QCD
Ref. [4] showed that, in the even-intrinsic parity sec-
tor, it was possible to match the QCD short-distance be-
havior (for a selected set of Green functions and form
factors) with a resonance chiral Lagrangian. Notewor-
thy, it showed that representing spin-one resonances in
the antisymmetric tensor formalism, local operators of
the next-to-leading order (NLO) χPT Lagrangian were
not needed for this matching. These operators with-
out resonance fields were nevertheless needed if one
chose the four-vector Proca representation for the spin-
one mesons. This suggested the convenience of the an-
tisymmetric tensor formalism, as it provided a simpler
RχL.
Conversely, Refs. [13, 14] showed that the anomalous
sector was more complicated. Specifically, Ref. [14]
concluded that the four-vector representation could not
match the OPE results even including higher-order χPT
operators, an important result which casted serious
doubts on the usefulness of the resonance Lagrangians
in the anomalous sector.
This fact motivated the study of Ref. [15] showing that
the matching was indeed possible for the VVP Green
function using the antisymmetric tensor representation
and definite predictions were obtained for several odd-
intrinsic parity resonance couplings. Although the puz-
zle seemed to be solved, the analysis of short-distance
QCD constraints on the vector form-factors of τ− →
(KKπ)−ντ decays [16] did not agree those in Ref. [15].
2The short-distance study of more complicated form-factors
and/or Green functions may disagree with these relations [13].
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The latter study was extended by Ref. [17] adding the
lightest pseudoscalar resonances as explicit degrees of
freedom and proving the saturation of the chiral con-
stants at NLO in the anomalous sector.
The aim of our work [11] was to clarify if the inclusion
of pseudoscalar resonances as active degrees of freedom
for the VVP calculation [17] was able to solve the pre-
viously existing discrepancies in the high-energy con-
straints on the RχL couplings stemming from all the
available form-factor and VVP Green function analy-
ses at large NC .
The detailed discussion can be found in Ref. [11], where
it is seen that there is a unique set of consistent high-
energy constraints in the odd intrinsic-parity sector 3
4 c3 + c1 = 0 ,
c1 − c2 + c5 = 0 ,
c5 − c6 = NC MV
64
√
2 π2 FV
,
d1 + 8 d2 =
F2
8 F2V
− NC M
2
V
64 π2 F2V
,
d3 = − NC64π2
M2V
F2V
,
1 +
32
√
2 FV dm κPV3
F2
= 0 ,
F2V = 3 F2 , (3)
compatible for the VVP Green function [15, 17] and
a series of related odd intrinsic-parity amplitudes: the
τ → X−ντ vector form-factors (X− = (KKπ)− [16],
ϕ−γ [18], (ϕV)− [19], with ϕ = π, K) and the π0 → γ∗γ∗
transition form factor [17]. The last relation in eqs. (3),
which is also found in the normal parity sector, was not
noticed in Ref. [17]. The previous one, involving pseu-
doscalar resonance couplings [17], is also crucial for
the overall consistency. Short-distance constraints from
other anomalous processes [20] agree with eqs. (3).
Their (small) modification upon the inclusion of heav-
ier resonances [21] and the (successful) description of
related phenomenology is discussed in detail in our let-
ter [11].
3We only write these constraints in terms of the ci and d j cou-
plings introduced in Ref. [15]. The corresponding five first equations
in terms of the κk couplings in Ref. [17] and the dictionary between
both operator bases is provided in our letter [11].
We have applied eqs. (3) to study the lightest pseu-
doscalar (π0, η, η′) transition form-factors and the cor-
responding contribution to the hadronic light-by-light
scattering piece of the muon g − 2 [22] with the result
(10.47±0.54) ·10−10, which would shrink the theoretical
error on the muon anomaly, aµ, by ∼ 15% [23]. All un-
certainties contributing to the above error are detailed in
Ref. [22]. We note that the reduced uncertainty comes
basically from the appearance of new data on the meson
transition form-factors extending to larger energies and
not from our refined theoretical setting.
Checking the reliability of the resonance coupling deter-
minations is specially important for guiding global phe-
nomenological studies as those being worked out [24]
within the TAUOLA Monte Carlo generator [25].
2.1. Testing Brodsky-Lepage predictions
We consider now our consistent set of asymptotic
constraints on the anomalous resonance couplings (3)
from another perspective that sheds light on the coeffi-
cient of the leading 1/Q2-term in the asymptotic high-
energy expansion of meson form-factors. We will in
particular consider three predictions, using light-cone
perturbation theory [10], the OPE [26] and the Bjorken-
Johnson-Low theorem [27].
The vector form factor F Vπγ(Q2), which enters in the
τ− → ντπ−γ decay, was analyzed in Ref. [18] requir-
ing the vanishing of the O(Q2) and O(Q0) terms. These
constraints lead to the prediction
Q2F Vπγ(Q2)
Q2→∞−−−−−→ M2V NC/(24π2F) , (4)
to be compared to previous results for the leading term
in the asymptotic expansion,
Q2F Vπγ(Q2)
Q2→∞−−−−−→ F [10] , 2F3 [26] ,
F
3 [27] . (5)
For the inputs MV = 760 MeV and F = 90 MeV the
deviations between our result and the latter are ∼ 10%,
∼ 35% and ∼ 270%, respectively, being the Brodsky-
Lepage behavior [10] preferred.
A similar exercise can be made with the pion transition
form factor with a real and a virtual photon, Fπ0γγ⋆(Q2),
in the chiral limit. Demanding that this form-factor van-
ishes at high energies yields our RχL prediction
Q2Fπ0γγ∗ (Q2)
Q2→∞−−−−−→ M2V NC/(12π2F) . (6)
Correspondingly, one has the previous results,
Q2Fπ0γγ⋆(Q2)
Q2→∞−−−−−→ 2F [10] , 4F3 [26] ,
2F
3 [27] ,(7)
3
where the deviations between the latter and our RχL
outcome is the same as for F Vπγ(Q2).
Therefore, closer agreement with the Brodsky-Lepage
result [10] is found for both form-factors. These
estimates justify the demand of Q2F Vπγ(Q2) ∼ F for
large Q2 required in Ref. [18]. We want to remark
that the constraints from these form-factors are fully
compatible with the high-energy conditions extracted
from the VVP Green function and the remaining related
form-factors, provided in eq. (3).
3. Conclusions
A consistent minimal set of short-distance constraints
on the anomalous RχL couplings which applies to the
VVP Green function and related form-factors has been
found solving a seeming discrepancy in the literature.
Interestingly, although eq. (3) derives only from the
VVP Green function analysis and the requirement of
the vanishing of the anomalous form-factors at high
energies, one can extract a prediction for the leading
term in the expansion, O(1/Q2): the coefficients we ob-
tained in the two form-factors studied here, FVπγ(Q2) and
Fπ0γγ∗(Q2), reasonably agree with the Brodsky-Lepage
result [10], which is preferred with respect to alternative
high-energy behaviors from other works [26, 27].
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